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(57) Abstract: The invention discloses compositions and methods which are useful in improving delivery of oxygen to cells. The 
compositions require at least one derivative of a compound. The derivatives are chosen to have log P values below about 6.0. The 
preferred compounds are niacin esters. 
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METHODS AND COMPOSITIONS USEFUL IN ENHANCING OXYGEN 

DELIVERY TO CELLS 

RELATED APPLICATION 

This appUcation claims priority ofptovisioiialqypU SerialNo. 60/197, 277, 
filed April 14, 2000, incorporated by refereace. 

CTELD OF jm INVEimQN 

This invention relates to meQiods that are useful in improving the delivery of 
oxygen to tissues and oigans, such as skia Ther^eutic uses of tiie method are disclosed 
as well. 

BACKGRQIflW AND mO^ AHT 

The skin plays niiiltq>l6 roles in protection fixmi environmental insults. 
Environmental esqposure results in the progressive deterioration of skin tiiat is initially 
cosmetic but can lead to rad stage diseases such as actinic keratosis and skin cancer. 
Hereinafter, while the skin will be discussed iq>ecifically, it is to be understood that the 
remarks are applicable to organs and tissues in general. 

Health of skin, as well as other tissues and oigans, is dependent upon supplies of 
many essential nutrients to cellular conqponents which are a part tiiereo^ oxygen in 
particular, as well as the efGcient removal of waste products such as carbon dioxide, and 
other metabolic end products. An optimal siq>ply of oxygen is required in order to 
support metaboHc pathways which inter alia, support the cellular mechanisms fbat lead 
to resistance of skin deterioration. 

The delivery of oxygen to skm via blood circulation is distal to delivery to most 
other organs. Further, the uppermost livmg layor of skin, i.e., the ''epidermis,'' is 
non-vascular. This leaves the u^yper layers of skin at high risk of receiving insuEGlcient 
oxygen. 

Skin is a complex organ system, consisting of multiple layers. The uppermost, 
or "stratum comeum" layer, consists of non-living material derived primarily from the 
terminal differentiation of epidermal keratinocytes, and provides a protective barrier for 
the underlying components of skicu The qpidermis contains a number of cell types. 
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although keratinocytes are the major cell type. Dermal fibroblasts are embedded within 
a matrix comprised of collagen, elastm, proteoglycans, and other extracellular matrix 
molecules. Blood capillaries are found in the dermis, but the epidermis is non-vascular. 
As people age, progressively deleterious changes in skin q>pearance occur. The 
S initial changes are the loss of smooth skin texture and the appearance of age spots, 
followed by changes in elasticity fliat lead to the iqfipearance of skin wrinkles. The age 
at which these changes appear and the rate at which one stage progresses to the next 
varies greatly fipom individual to individual. During the normal aging process, both the 
epidermis and dermis become tfaiimer with a loss of cell numbers and connective tissue, 
10 leading to the appearance of fine wrinkles. Ultraviolet (UV) irradiation fiom the sun 
causes photodamage fiiat accelerates skin deterioratioa In contrast to the thinning 
observed in sun-protected skin, photodamaged skinhas atfaickened andrough qypearance 

with an increase in deqier R\nn wrinkliTig whihh nrraira it| ^fiffpal ti^WTfi. Fhotodamage 

also causes end-stage skm deterioration including pre-maUgnant lesions termed actinic 

IS keratosis and skin cancer. 

Compelling evidencenowindicates that oxidative stress, defined as an abnormal 
accumulation of reactive oxygen species (ROS hereafter) is involved in the 
pathophysiology of skin deterioration. ROS include, inter aha, superoxides, the 
hydroxyl radical, hydrogen peroxide, singlet oxygen, nitric oxide, peroxynitrite, and 

20 hypochlorite. See, e.g., Srmonian, et al., Ann. Rev. Pharmacol. Toxicol. 36:83-106 
(1996), incorporated hy reference. All cells are exposed to ROS during the normal 
course of energy metabolism, via mviionmental exposure and/or immune surveillance. 
While ROS are involved in normal cell signaling pathways, elevation of ROS during 
oxidative stress disrupts signalingpalhways, oftenresultingin cell death by apoptosis or 

25 necrosis. Thus,itislikelythatROSare]nvolvedintiiedecreaseinceUnum 
overtime, even in sun-protected skixL 

Exposure to ttie ultraviolet rays of sunlight is a major source of skin oxidative 
stress. Two major targets for damage by ROS in skin are DNA and protein. DNA 
damage is of particular interest in that unrepaired damage can lead to the loss of sidn cells 

30 and to altered fimctioning of cells that survive genotoxic stress. 
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While some dianges in skm during aging can not be avoided, much sicin 
deterioration at an early age is avoidable. Skin cells contain a number of protective 
mechanisms for the prevention and repsk of ROS damage to DNA and protein. For 
exanq;>le, anuolber of intcaceUular molecules, including gli^^ 

5 vitamins C and E play key roles in scavenging ROS before they can react witii cellular 
macromolecules. Indeed, the antioxidant vitamins have aheady found application in the 
prevention of skin deterioration, as they are components of many skin creams. Also, 
cells contain complex mechanisms for the maintenance of genomic integrity. Of 
particular int0:estherem is the accumulating evidence for the involvementofDNArq>air 

10 mechanisms in maintaining the genomic integrity of organs and tissues subjected to 
genotoxic stress caused by, e.g., ROS, including skin. 

The delivety of oxygsai is important for proper maintenance of cell energy 
metabolic pathways, iwfaich in torn is in^Kxrtant for alleviating llie problems discussed 
herein. Itisdesirabletohaveamethodavailableby which oxygen deliveiy to a tissue 

IS . or organ, such as the skm, can be inoproved. Hence, one object of the invention is a 
method for improving delivery of oxygen to tissues and organs, such as skin. Yet a 
fiirther aspect of the invention are compositions useful in achieving this goal Still a 
fur&er aspect of the invention is the treatment of conditions where improved oxygenation 
is called for, via plication of the methods and compositions of the inyentioiL 



20 



follows. 



TOTRF mW^ CRIFnON OF THE FIGURES 

Figure 1 depicts tile skin, in cross section, in combina^ 
the delivery system of the invCTtion. 
25 Figure 2 dq)icts data obtained in accordance with the invention, via the use of a 

transcutaneous oxygen monitor. 

Figure 3 shows results fiom a fiirther eTqperim^t, using the transcutaneous 
oxygen monitor. 

Figure 4 cshows data firom an expenmmt showing that niacin esters are converted 
30 toniachiinordertoiinproveskinoxygenatioxL 
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DETAILED DESCR IPTION OF PREFERRED EMBODIMENTS 

The invention described herein involved various formulations designed to 
enhance delivery of oxygen to tissues and organs, such as the skin. The con^jositions are 
formulated so as to partition rapidly into a layer, such as the stratum comeum layer of the 
5 skin, at a rate which permits sustained delivery of an active agent or agents to, e.g., the 
q)idermis, in a sustained &shion and at a concentration which provokes cq[rillary 
dilatioa As a result of c^illary dilation, blood flow increases^ thereby increasing 
oxygen tensioninlhe dmnis which in torn sqyports both energy metabolism in epidermal 
fibroblasts, and epidermal keratinocytes when the skin is involved, and other parallel cell 

10 types when other tissues and/or organs are involved. 

The highly lipophilic nature of the stratum comeum dictates that the desired 
oxygen enhancing agent must be sufEciently lipophilic to effectively partition into the 
stratum comeum fbom the donor compartment, which may be, 6.g., a skin cream or 
lotion. This necessitates the prq)aration of a distinct lipophilic agen^ such as those 

15 described in more detail infia . Diffiision fix)m the stratum comeum into the epidermis 
also requires that the a^t should be sufficiently lipophilic to rapidly partition £rom the 
cream or lotion into the stratum comeum. Niacin esters are exeoqplified hereiiL 
Lipophilic derivatives of niacin esters can be prepared, and these are converted into 
active niacin esters following diffusion out of the stratum comeum into tiie epidermis; 

20 however, other materials could also be used. Tlielipophilicityofthe agent should allow 
it to be formulated in, e.g., skin cream or lotion and the ester linkage should be very 
stable in these formulations to, ag., chemical hydrolysis under aqueous conditions. 

The esqperimmts whichfollow set fixrththe inventioningreater detail, but should 
25 not be construed as limiting the invention in any way. 

EXAMPLE 1 

Nicotinic acid esters w^ synthesized in accordance with Serial No. 09/452,617, 
filed December 1, 1999, incorporated by reference. In brie^ nicotinoyl chloride was 
combined with triethylamine (TEA), dimethylaminopyridine Q^MAP), and various slkyl 
30 alcohols, under nitrogen. Estersresultingfiomthesynthesisweresq)aratedviasiUcagel 
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column chromatogr^hy, and converted to HCl salts for further purification, using 
standard metliods. The purity was confirmed via Ann layer chromatognqihyy and ^H- 
MMEL 

Poctfw values for tibiese compounds were deteimined in accordance with 
5 Hamisch, et al., J. Chromatog. 282:315-332 (1983), incorporated by reference. This 
reference also describes detennination of "log P" values, described mfia. 

This example details the first of two sets of experiments designed to determine 
the vasodilation effect ofalkyl niacin esters. Formulations were prepared by combining 
10 the alkyl esters referred to supra in a skin lotion, at 0.1% and 1.0% concentrations. The 
lotions were applied topically to the skin of human volunteers on the anterior sur&ce of 
a forearm. Vasodilation was observed visually, i.e., by observing blushing at the site of 
q)plication, or lack thereof Botii onset and duration of vasodilation were measured. 
Theresdtsfortheesterstestedaresetfiirtfain Table l,wUchfoUo^^ Thistable 
IS includes lipophilidty of tiie tested conq)Ounds, inlogP values, JfollowingHamiscb, et aL, 
supnL incorporated by reference, as well as the results of visual observation. 

It will be seen tiiat small chain alli^l esters, i.e., those with 8 carbon atoms or less 
in tbe alkyl chain, caused vasodilation at concentrations as low as 0.1%, while C9 and 
CIO alkyl esters caused vasodilation at 1 .0% formulations. The longer chain esters, Le., 
20 those at C12 or higher, did not provoke vasodilation at either concentration. 

The onset and duration of vasodilation was determined, again by visual 
determination, for C2,C6, and C8 alkyl esters. Results aresetforthin Table 2. Note that 
file log P values provided for tiie C9 and Cll compounds are derived fbom a plot of 
experimentaUydetenninedvaluesforotfaarcoiiq[)ouDds. TheCS conq^ 
25 longestefTed Thus, riiacinesteafswitii log P values ofless than 6.0 are preferred Most 
preferred are esters wilb log P values in the range of fix>m about 4.5 to about 5.5. 
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Alkyl Caibon 
Chain Leagth 


Loe P Value* 




Vasodilation at 
0.1% 1.0% 


1 caibon 


0.84 




Yes 


Yes 


2 carbons 


1.3 




Yes 


Yes 


4catbons 


2.4 




Yes 


Yes 


6 carbons 


3.5 




Yes 


Yes 


8 carbons 


4.8 




Yes 


Yes 


9 carbons 


5.0* 




No 


Yes 


lOcaibons 


5.8 




No 


Yes 


11 caibons 


6.0* 




No 


Slight 


12 caibons 


6.6 




No 


No 


13 carbons 


7.5 




No 


No 


14 carbons 


7.6 




No 


No 


IS caibons 


8.3 




No 


No 


16 caibons 


9.2 




No 


No 


18 carbons 


9.7 




No 


No 


Table 2: Vasodilation Properties of Selected Niacin Esters 


Niacin Ester 




Vasodilation Effect at 0.1% 
Onset Duration 


Etbylniadn 




5-10 nun 




30-45 min 


Hexyl niacin 




10-15 min 




60-90 min 


Oclyl niacin 




10-20 nun 




240-360 min 



EXAMFLE3 
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The eaperiments reported in Table 1 reveal compounds that provide sustained 
vasodilation following topical ^plication; however, thesy do not indicate whether the 
vasodilation effect is accompaniedby anincreased release of oxygen into the sJdn tissue. 
To examine this issue, the Qxygencontent of skin to whichflie octyl ester discussed supra 
5 was detennined directiy, usmg a transcutaneous oxygen monitor. The 1% formulation 
of tile octyl ester was qjplied to skin for 30 minutes. After tins tiurty minute period, the 
skin was cleaned witii soap and water, wiped widi an alcohol swab, and a drop of 
deionized water was placed on the sgdsot surface before its attachment to the anterior 
sur&ce of the volunteers' forearms. The transcutaneous values were recorded constantiy, 
10 andstoredbytheinstrument The monitor measures relative oxygen content, because the 
temperature at which the monitor operates does impact the oxygen permeability of the 
stratum comeum. See, e.g., Martin, Resp. Care 35:577-589 (1990), incorporated by 
reference. The sensor was calibrated at 4 hour intoirals, or whrnever the sensor 
tenq>erature was changed. 

15 

The results ofone set ofexperiments are presented in figure 2. The monitor was 
operated at a temperature of AO'^C. Values are given for both a control, and tiie 
formulation described herem. 

The first, high value is representative of oxygen tension of air in the monitor 

20 probe at the time of application, and thm drops rapidly to a very low value, 
demonstrating low skin oxygen content This was followed by an increase and a plateau, 
which is attributed to the effect of sinQ)ly operating the monitor at 40*^0. The depicted 
results then show a sustained increase m skm oxygen as a result of qypUcation of the 
niacin ester. Ck>mparison of tiie results for the control and the test conq>ound show a 

25 clear increase in the amount of oj^gen being deliva:6d to the capillaries. 

In a follow-up experiment, the monitor was operated at 38^C, and botii Qz and 
CO2 were measured, with a conibined transcutaneous oxygen and C02monito^^ Figure 
3 presents these results. The control is represented by the dotted line. The results show 
a sustained increase in skin oxygen content, and a decrease in CO2 content as a result of 

30 the application of the niacin ester. The latter result indicates that the topical ^plication 
is also enhancing removal of metabolic products. While the results of skin oxygen and 
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CO2 measurements are consistent with the observed vasodilation rq}orted in Table 1, 
observation of vasodilation alone does not necessarily indicate an increased release of 
oxygen into the skm tissue; however, the results disclosed in Figures 2 and 3 danonsttate 
that plication of the niacin esters eflfects bofe increased blood flow into skin and 
increased release of oxygen into the skm. 

EXAMPLE4 

Previous work by Sugibayashi, et aL, J, Controlled Release 62:201-208 (1999) 
has shown that, with respect to skm, there is litd e or no esterase activity in the stratum 
comeum, the epidermis has highest activity, and the deraiis has reduced activity relative 
to tiie epidermis. As such, experiments were undertaken to determine if esteis require 
conversion to other molecules in order to provoke oxygenatioiu An experiment 
demonstrating diat niacin esters require conversion to niacin in order to achieve skin 
oxygenation is shown in figure 4. Parallel experiments were carried out using 0.1% 
oclyl iiiacin ester lotion, andalotion containing octylniaciiieste^ 
benzoate. Butyl bmzoate has a log P value of as conqiared to a value of 48 for fhe 
octyl ester, suggesting &ster partitioning into the epidermis. The presence of the inactive 
ester, Le., butyl benzoate, blocked the hicrease in oxygen content, demonstrating tiiat the 
conversion ofniadn ester to niacin is required This also shows that inactive co-esters 
can be used the modulate the oxygenation effect 

Oxygen content was measured in the same way as is desoibed, supra, or using 
other techniques known to the art 

The foregoing examples describe the invention, which relates to methods and 
conq>ositions for increasing oxygen delivery to cells. Briefly, these require the use of a 
derivative of a vasodilator compound, wherein the derivative has a structure such that 
irD|nx>ved permeation of the vasodilator compound is ac^eved. In tiie case of niacin, 
esters are prefiired. Aiiy ester wUdi is a substrate fiir an indigenous esterase may be 
used, and is a part of the invention. Especially preferred is the octyl ester of niacin. 
Especially preferred are esters which have log P values, as described supra, which are 
lower than about 6.0, more preferably from about 4.S to about 5.5. 
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Also a part of the invention is the use of esterified, alcohol analogs of nicotinic 
adds, wherein the ester group contains fiom 6 to 12 caibon atoms, preferably 8 to 10, and 
most preferably 8 carbon atoms. Such molecules also function in the way the niacin 
esters function. Alcohol analogs of niacin cause vasodilation, and the ester derivatives 
act in the same way as the ester described supra. 

*T)eri\^ve" as used herein tefes to any chemical modification of the base, 
vasodilator compound which results in a molecule with the permeation qualities 
described supra, e.g., a log P values below about 6.0 Esters of compounds such as acid 
and alcohol esters, are exemplary of such molecules, but are not the only such 
compounds. 

Theactiveingredientniaybe^lied in any of the standard, topical formulations 
well known to the art, such as creams, lotions, salves, bahns, roll-on sticks, shan^oos, 
washes, suppositories, and so forth. The amount of the active conq>osition in the 
formulation will vary. Preferably, however, the concentration will range fiom about 
0.05% to about 5.0% by weight Most preferably, the formulation is one where the ester 
concentration ranges fiom about 0.1% by weight to about 1 .0% by weight 

These formulations are usefiil in the treatment of conditions where inqm>ved or 
enhanced oxygenation of tissue is desirable. Such conditions will be well known to the 
skilled artisaiL 

Enhanced oxygenation, as discussed supra, enhances other processes within the 
organ. Hence, a fiirther feature of the invention is the use of the formulations, described 
supra> in combination with materials such as nutrients, micronutrients, pharmaceutical 
agents, and other materials where enhanced oxygen delivery will improve the efficacy 
ofthe additional material. Ofparticular interest are compourids and formulations, 
as nicotinic acid esters wfaidi have log P values in the range described supra . Theartis 
fitmiliar with how to detemiine the log P values, as was shown via the citation to, e.g., 
Harmsd),etal.,sugBraandiieednotb6rdteratedhere^ Shnilarly, a methodology is set 
forth herein which shows the skilled artisan how to detennine if a particular compound, 
such as a nicotinic acid ester, increases and/or improves oxygenation. Alkyl esters of 
nicotinic add have been described herein; however, other materials, including other 
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nicotiiiic acid esters can be used as well, as long as they satisfy the criteria that are 
adduced herein. 

Other aspects of the invention will be clear to the skilled artisan and need not be 
set forth herein. 

S The terms and expressions vMch have bem enoployed aie used as terms of 

descr^tion and not of limitation, and there is no intention in the use of such tenns and 
eiqiressions of excluding any equivalmts of the features shown anddescribed or portions 
thereoj^ it being recognized that various modifications are possible within the scope of 
theinventioa 
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WE CLAIM 

1. Amethod forenhancingdelivery of oxygen to tissue, conoprisingqiplyiiigto said 
tissue a composition which contains a vasodilatii^ effective amount of a 
derivative of a vasodilator compound, wherein said derivative has a log P vahie 
below about 6.0. 

2. The method of claim 1, wherein said derivative has a log P value of from about 
4.5 to about 5.5. 

3. The method of claim 1, wherem said derivative is an ester. 

4. The method of claim 1, wherein said dravative is an alcohol ester. 

5. The method of claim 3, wherein said ester contains firom about 1 to about 12 
carbon atoms in an alkyl chaiiL 

6. The method of claim 5, wherem said alkyl chain contains j6om about 6 to about 
12 carbon atoms. 

7. The method ofclaim 6, "v^ierein said alkyl chain contains 
10 carbon atoms. 

8. The method of claim 7, wherein said deri^^ve is a niacin octyl ester. 

9. The method of claim 4, wherein said ester contains fiom about 6 to about 12 
carbon atoms in an alkyl chain. 

10. The method of claim 9, \is4ierein said ester contains fiom about 8 to about 10 
carbon atoms in an alkyl chain. 

11. The method of claim 4, wherein said derivative is a niacin alcohol ester. 

12. The method of claim 1, wherein said derivative is preset in an amount ranging 
fiom about 0.05% to about 5.0% by weight of said conqiosition. 

13. The method of claim 12, wherein said derivative is present in an amoimt ranging 
fix)m about 0.1% to about 1.0% by weij^t of said composition. 

14. The method of claim 1, wherein said composition is in the form of a cream, a 
lotion, asalve^ abalm, a roll-on stick, a shampoo, awash, or a suppository. 

15. The method of claim 1, herein said conqiosition conq>rises an ester of a 
compound without vasodilatoiy effect. 

16. The method of claim 1, wherein said ester is butyl benzoate. 
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Present claims 1-16 relate to methods for enhancing delivery of oxygen 
to tissue In vfhich the compounds used are defined by reference to a 
desirable characteristic or property, namely the vasodilating effect and 
by reference to a specific parameter, I.e. the log P value. 

The claims cover all methods using compounds having this characteristic 
or property, whereas the application provides support within the meaning 
of Article 6 PCT and/or disclosure within the meaning of Article 5 PCI 
for only a very limited number of such compounds. In the present case, 
the claims so lack support, and the application so lacks disclosure, that 
a meaningful search over the whole of the claimed scope Is impossible. 
Consequently, the search has been carried out for those parts of the 
claims which appear to be clear, supported and disclosed, namely those 
parts relating to nicotinic acid derivatives as defined in table 1 
insofar as they show an appropriate log P value. 

The applicant's attention Is drawn to the fact that claims, or parts of 
claims, relating to inventions in respect of which no International 
search report has been established need not be the subject of an 
international preliminary examination (Rule 66.1(e) PCT). The applicant 
Is advised that the EPO policy when acting as an International 
Preliminary Examining Authority is normally not to carry out a 
preliminary examination on matter which has not been searched. Thisls 
the case irrespective of whether or not the claims are amended following 
receipt of the search report or during any Chapter II procedure. 
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